Adequate infrastructure has long been viewed as an important factor in economic development. Based on regressions covering 76 advanced and emerging market economies, this paper estimates the impact of infrastructure and investment on income distribution. It finds that better infrastructure, both quality and quantity, promotes income equality, while the link between investment and income distribution is weak. JEL Classification Numbers: H54, D31, E22, O53
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countries, while among the fastest growing regions in the world, still face the challenge of overcoming infrastructure bottleneck to a varying degree. The infrastructure gaps are relatively bigger in Indonesia, the Philippines, and Vietnam than in the other two, which have higher per capita income. One likely contributing factor is the drop in the investment rate following the Asian crisis. While economic activity in the ASEAN-5 has largely rebounded to pre-crisis levels, investment as a share of GDP has never fully recovered in most of these countries (Figure 1 ). In addition, limited fiscal space and weaknesses in business climate as well as in budget execution may have contributed to the infrastructure bottleneck in some countries.
With robust growth, the ASEAN-5 countries have made great strides in poverty reduction. Their poverty levels have come down significantly since the early 1990s. However, challenges remain. From a cross-country perspective, Indonesia, the Philippines, and Vietnam still have sizable populations living below the poverty line, while extreme poverty has become almost non-existent in Malaysia (Figure 2 ). In terms of income distribution, Malaysia and Thailand have somewhat higher Gini indices than others. Moreover, average income inequality has modestly increased in the ASEAN-5, as illustrated by the rising Gini index as well as by the decline in the income share held by the lowest quintile. This contrasts with other emerging market economies, which on average experienced some decrease in inequality during recent decades.
Adequate infrastructure has long been viewed as an important input for economic development. There has been solid evidence, at both macroeconomic and microeconomic levels, that infrastructure improves productivity and growth. There is also some empirical evidence that infrastructure helps income equality.
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In theory, infrastructure development can promote equality through enhancing access to productive opportunities by the poor and disadvantaged. This paper assesses empirically the impact of infrastructure and investment on income distribution, based on regressions covering most advanced and emerging market economies. In doing so, we also analyze the impact of public policies in the areas of education, labor, and financial access on income distribution.
We find that better infrastructure, both quality and quantity, improves income distribution. However, investment alone does not promote income equality, pointing to a likely weak link between investment and buildup of infrastructure. There is evidence that policies to promote education, employment in formal sectors, and financial development can also play useful roles in enhancing equality. 1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 The rest of the paper is organized as follows. Section II presents stylized facts on infrastructure gaps in the ASEAN-5. Section III discusses the methodology and results. The last section concludes with policy discussions.
II. INFRASTRUCTURE DEVELOPMENT IN ASEAN-5
The ASEAN-5 countries have improved infrastructure over the years, but their infrastructure development needs and remedies vary.
 Indonesia: Indonesia's GCI ranking on infrastructure has improved during the past five years, yet infrastructure investment lags behind some of its regional peers. For instance, infrastructure quality in terms of transportation and electricity supply could be further enhanced. Public investment in particular remains low in Indonesia. Efficient execution of infrastructure projects is constrained by limitations in project selection at local government levels 4 . Moreover, inefficiencies in implementing infrastructure projects due to weaknesses in the procurement, budget preparation, and payment processes have contributed to low infrastructure investment realization levels. . Greater focus on ICT infrastructure at regional levels, particularly in less populous regions, could also reduce regional disparities between urban areas and the rest of the country.

The Philippines: Despite some improvement in recent years, the Philippines' infrastructure rankings remain relatively low among the ASEAN-5. In particular, there is room for improving infrastructure quality related to transportation and electricity. Arulpragasam and Lachler (2011) identify governance as one of the main constraints, in addition to financial and labor market limitations.
4 See IMF (2012a).
5 See IMF (2011b).
6 See World Bank (2011).

Thailand:
The country has improved infrastructure at the national level over the years, as evident in its increasing GCI rankings. Nevertheless, significant regional disparities in infrastructure exist. The private capital accumulation and the allocation of public infrastructure expenditure are unequally distributed and have a strong presence in the Bangkok area 7
. Investment and infrastructure development have improved in the central and eastern regions due to the relative proximity to the capital and location on trade routes. In response to the devastating floods in late 2011, the government rolled out flood-prevention investment, including a B 350 billion (3 percent of GDP) off-budget package for infrastructure investment to be implemented over three years.

Vietnam: Many basic infrastructure indicators illustrate improvements in recent decades. For instance, the length of paved roads has quadrupled during the last ten years, while electricity production capacity has increased by about 10 percent in two decades 8 . In spite of these improvements, Vietnam still faces challenges in reducing the infrastructure gap with its regional peers in some areas. As indicated in the 2012 Global Competitiveness Report, although the length of paved roads has improved over the years, the quality of roads and ports could be significantly improved. The World Bank's 2012 Vietnam Development Report has identified several impediments, with public resource allocation inefficiency being a key constraint. Public sector infrastructure development projects are carried out by rather decentralized institutions of local governments and state-owned enterprises, delaying the implementation of some projects that are of national interest.
Following the Asian crisis, gross fixed investment has declined significantly in most of the ASEAN-5 economies. Structural primary deficits and large public debt burdens in some ASEAN-5 countries have limited their governments' participation in investment projects and the ability to meet large infrastructure needs 9 . The decline in investment in ASEAN-5 is also driven by the sharp fall in private investment, including foreign direct investment. Private investment commitments in major infrastructure sectors exhibit a similar drop since the Asian crisis (measured in US dollars as well as a share of GDP). Fostering a conducive business environment to attract private infrastructure investment, for example through improving efficiencies in institutional and procedural frameworks, would help close infrastructure gaps in the long run. 
III. METHODOLOGY AND RESULTS
Measuring infrastructure is not straightforward. We follow Serven (2004 and 2008) to construct quantitative indices of infrastructure quality and quantity. The two indices try to capture information in three key basic infrastructure sectors-communication, power, and road network-which play an important role in economic development. The infrastructure quantity index is the first principal component of three variables: total telephone lines, cell subscriptions, and internet users per 100 people; electricity production per capita (in millions of KWh); and road density (km of road per 100 sq. km of land area).
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The infrastructure quality index is the first principal component of two variables: roads paved in percent of total roads and electric power that is not lost in transmission and distribution in percent of total output. The quantitative indices confirm the ASEAN-5's varying infrastructure gaps described above. Among the five countries, Malaysia and Thailand have better infrastructure, both quantity and quality, than the others. Despite significant improvement in infrastructure quantity since 1995, the ASEAN-5's average infrastructure indices (both quantity and quality) are still well below those of Singapore and advanced economies. In particular, within emerging market countries, Indonesia has among the lowest infrastructure quantity indices and the Philippines has among the worst infrastructure quality indices. 10 See appendix 1 for the full list of variables along with their definitions. The eigenvectors for the infrastructure quantity index are as follows: 0.6377 for communication, 0.4381 for road density, and 0.6336 for electricity production per capita. Eigenvectors of infrastructure quality variables are 0.7071.
11 Calderon and Serven (2008) included waiting time for the installation of main telephone lines in the calculation of infrastructure quality index. Due to lack of data, this variable was excluded from our estimates. We use regression analysis covering 76 advanced and emerging market economies during the period of 1980-2010 to examine the impact of infrastructure and investment on income distribution. The regressions also include a set of standard control variables for income distribution: inflation, openness, education level, domestic credit in percent of GDP, PPP real GDP per capita and its square. It should be emphasized that our analysis is subject to data limitations, particularly regarding the measurement of income distribution and infrastructure. In light of data issues in any cross-country analysis of inequality, our results should be read with some caution. Given the focus on long-run relationships and following Serven (2004 and 2008) , our regressions use non-overlapping 5-year averages.
The model is estimated using simple pooled OLS with heteroscedasticity-consistent standard errors. Following Lall et al (2007) , all variables in the regression are de-meaned using country specific means in order to focus on within-country changes instead of crosscountry level differences, as Gini index data are not entirely comparable across countries. This is equivalent to a panel regression with fixed country effects. Time dummies are added to capture common global shocks. Various robustness tests are performed (Appendix III), including post estimation tests for model specification errors using the link test and the Ramsey regression specification-error test.
Infrastructure and income distribution may have two-way causality. Income inequality could prevent the poor from accessing infrastructure services, while at the same time inadequate infrastructure may worsen income inequality. To overcome this endogeniety problem, both infrastructure indices enter the regressions with one lag.
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Infrastructure indices are found to reduce income inequality. Table 1 summarizes regression results for eight different models using the log of the de-meaned Gini index as the dependent variable. The first two columns include separately the infrastructure quantity and quality indices constructed above in the regressions and the third column include the two indices together. The coefficients of both infrastructure indices are negative and statistically significant in all regressions. The result that the two indices' coefficients remain similar in all 12 Another interpretation of the regressions could be that it takes time for infrastructure improvements to translate into better -than-average increase in income of the poorer part of population. three regressions suggests that they largely capture different aspects of infrastructure development. Simple correlations presented in the two figures below suggest that infrastructure quality and quantity are inversely related with income inequality.
Another way to measure infrastructure is through investment, as infrastructure development tends to be capital intensive. In the absence of cross-country data on infrastructure spending, we use total investment in percent of GDP as a proxy. Columns 4-6 in Table 1 replace the infrastructure indices with total investment, private investment, and public investment (all in percent of GDP), respectively. Investment variables also enter the regressions with one lag, as a simple way to control for potential endogeniety problem.
None of the investment variables are found to have statistically significant effects on income distribution, although their coefficients are negative. This is in contrast with our earlier result that better infrastructure, both in terms of quality and quantity, improves income distribution. One explanation could be that total investment is not a good proxy for infrastructure spending. Another explanation, which is perhaps more plausible, is that investment may not be a good proxy for infrastructure development due to spending inefficiency. In other words, the link between investment and accumulation of infrastructure assets is not necessarily strong because spending has to be mediated through institutions and governance, which are often subject to abuse (Agenor 2010) . Indeed, Tanzi and Davoodi (1997) and Keefer and Knack (2007) found that weaker governance is associated with higher investment to GDP ratios. Serven (2010) also found that weaker governance and institutions drive a wedge between investment spending and actual infrastructure development. We added the index of institutional risks in the regression as a control for spending efficiency (Columns 7 and 8 of Table 1 ), but the baseline results do not change much.
The above results allow us to estimate the potential positive impact of infrastructure improvement (both quantity and quality) on income equality. Infrastructure gaps in Vietnam, the Philippines, and Indonesia are relatively high. Catching up to the 2010 average levels of infrastructure quantity and quality indices in advanced economies is estimated to reduce the Gini index by about 2 percentage points in those three countries (based on the model specification of Column 3 of Table 1 ). Reflecting its relatively good infrastructure, the While our paper updates the work of Calderon and Serven, there are some key differences. First, we use a different and simpler estimation method (pooled OLS with fixed country effects and lagged variables), while Calderon and Serven relied on the system generalized method of moments (GMM). Second, our regression results suggest that the infrastructure quality and quantity indices may capture different aspects of infrastructure development and that both matter for income distribution. In comparison, Calderon and Serven suggested that the two indices are perhaps substitutes for each other. Finally, in addition to infrastructure indices, we also analyzed the empirical impact of investment on income equality and controlled for institutional risks.
The effects of other regressors on the Gini index are broadly in line with existing literature.

Per capita GDP has a significant positive coefficient, while the square of per capita GDP has a significant negative coefficient. This result is indicative of the Kuznets hypothesis, which proposed that inequality may rise with the initial increase in per capita income but will decline subsequently. Calderon and Serven found a similar result.
The coefficients of education related variables (education spending in percent of GDP and workforce with secondary education in percent of total) are negative and statistically significant, suggesting that greater access to education reduces income inequality by allowing more people to be involved in high-skill economic activities.
Private credit in percent of GDP is found to have a significant negative effect on income distribution. This result is similar to that of Lall et al (2008) . It may be counter-intuitive, given the common belief that financial development can improve income distribution by increasing the poor's access to capital. The result suggests that the effect of financial development on income distribution may depend on the quality of institutions and regulations. In the context of weak institutions and governance as well as distorted incentives, the benefits of financial deepening may accrue disproportionately to the rich and thereby exacerbate inequality.
The higher the share of employment in industry, the more equal is the income distribution. This likely reflects the fact that industry employment raises income of lower-earning groups. Policies encouraging formal sector employment and expansion of the industry sector to low-income regions will likely provide more inclusive employment opportunities.
 Finally, openness -as measured by the ratio of exports and imports to GDP -tends to make income distribution more unequal, as found by Barro (2000) and Serven (2004 and 2008) . 1/ An * indicates significance at 10%, ** significant at 5%, and *** at 1%. t statistics are in parentheses. All explanatory variables are in natural logarithm. The equations are estimated by OLS with variables in both left and right-hand side variables de-meaned using country-specific means (equivalent to a panel estimation with country fixed effects, while also controlling for variability in GINI calculation methodologies across countries 
IV. CONCLUSIONS
This paper finds that better infrastructure, both in quantity and quality, improves income distribution. This result, together with the proven role of infrastructure in enhancing productivity and growth, suggests that infrastructure development can have double effects on poverty reduction and inclusive growth. For the ASEAN-5 countries, removing infrastructure gaps would not only raise potential growth but also spread the benefits of growth more evenly.
We do not find that investment promotes income equality and further analysis is warranted. This result could indicate a likely weak link between spending and buildup of infrastructure assets, consistent with the existing literature. If not supported by enhancement in efficiency and institutions, a big push to infrastructure investment may result in large waste yet little impact on equitable growth. Reforms streamlining procurement and improving coordination among institutions could strengthen institutional frameworks, thus improving the productivity of infrastructure investment.
This paper also points to other public policies that can help income distribution. Education spending to enhance human capital could increase the earning power of lowerincome groups disproportionately more. Improving formal sector employment opportunities that facilitate the low-income groups' move to higher-earning jobs will also contribute to more equal income distribution. While financial development promotes growth, it may hurt income equality if the benefits of deepening accrue disproportionately to the rich. Policymakers should be conscious of the need to improve institutions and broaden the poor's access to finance.
Different types of infrastructure may have differing impacts on inequality.
An area for future research will be to understand how various types of infrastructure, for example roads vs. broadband connection, may affect inequality and growth in a different way. 
